C & EE 141 


Bending Members 


Laterally Unsupported and 
Noncompact 
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Limit States for Нехиге 


Plastic Flexural Capacity 
* Shear Capacity 
* Deflection 


* Only limited to these three limit states 
when compression flange is laterally 
braced and beam is compact. 


What if the compression flange isn't 
braced? What if there is a local 
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Example of ап Unbraced 
Beam 
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Limit States for Нехиге 


* Plastic Flexural Capacity 
* Global Buckling 
* Inelastic lateral torsional buckling 
* Elastic lateral torsional buckling 
* Local Buckling 
* Width-thickness ratios for web and 
* Shear Capacity 
* Deflection 
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Limit States for Нехиге 


* Plastic Flexural Capacity 

* Global Buckling 
* |nelastic lateral torsional buckling 
* Elastic lateral torsional buckling 

* Local Buckling 


* Width-thickness ratios for web and 
flanges 


* Shear Capacity 
__- Deflection n 
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What is Lateral 
Torsional Buckling? 


* The compression zone of | 
the section buckles if not | 
restrained 


For a simply supported WF 

that is the top flange and, / 
to a varying extent, the 

web 


For a cantilevered WF that 
is the bottom flange and, 
to a varying extent, the 
web 
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Onset of Lateral 
Torsional Buckling 
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Elastic | ТВ 
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How 15 Lateral Torsional 
Buckling aiii ais d 
| E: 


° Headed steel studs 
welded to the beam 
flange harden in the 
concrete fill which 
provides continuous 
stability 


* Connections from 
perpendicular framing 
beams provide discrete 
points of stability 
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Transitions in Flexural Capacity due 
to Global Buckling 


= 


о 


Flexural Capacity, M, 


L.T.B. = lateral 
torsional buckling Laterally Unbraced Length, L, 
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Transitions in Flexural Capacity due 
to Global Buckling 


No L.T.B. Inelastic L.T.B. Elastic L.T.B. 


< 


ке) 


Flexural Capacity, М, 


L.T.B. = lateral 
torsional buckling 


Laterally Unbraced Length, L, 
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Fi. 


DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS AND 
CHANNELS BENT ABOUT THEIR MAJOR AXIS 


This section applies to doubly symmetric I-shaped members and channels bent 
about their major axis, having compact webs and compact flanges as defined in 
Section B4.1 for flexure. 


User Note: All current ASTM Аб W, S, М, С and MC shapes except W21x48, 
W14x99. W14x90, W12x65, W10x12, W8x31, W8x10, W6x15, W6x9, 
W6x8.5 and M4x6 have compact flanges for F, = 50 ksi (345 MPa); all 
current ASTM Аб W, 5, M, HP, C and MC shapes have compact webs at 
F, € 65 ksi (450 MPa). 


The nominal flexural strength, Ма, shall be the lower value obtained according to the 
limit states of vielding (plastic moment) and lateral-torsional buckling. 


Yielding 


M, = Мь= F,Z, (Е2-1) 


where 
Е, = specified minimum yield stress of the type of steel being used. ksi (MPa) 
Z, = plastic section modulus about the x-axis, in7 (mm^) 


2. Lateral-Torsional Buckling 


(a) When Lp < Lp, the limit state of lateral-torsional buckling does not apply. 
(b) When Lp < Lp € L, 


Lp — L 
ыр 
(c) When Lp > L, 
Му = Fe S, S M, (F2-3) 


where 


Lp = length between points that are either braced against lateral displacement of 
the compression flange or braced against twist of the cross section, in. (mm) 


Fa = CE (F2-4) 
Е | ых lo Пу Ñ 
Пу 
and where 


E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa) 
J = torsional constant, іп. (mm?) 

$, = elastic section modulus taken about the x-axis, in? (mm?) 
h, = distance between the flange centroids, іп. (mm) 


The limiting lengths L, and L, are determined as follows: 


| Е | | 
Г. 1 = | 76r, --- (Е2-5) 
Г. y F, 


ы 
= 


L, = 1.95 (Е2-6) 
0 " 
where 
3 IC : | 
ny = 5, (Е2-7) 
and the coefficient c is determined as follows: 
(a) For doubly symmetric I-shapes: с = 1 (F2-8a) 
" h, fy 
(b) For channels: c = — (F2-8b) 


Си 


User Note: The square root term in Equation Е2-4 may be conservatively taken 
equal to 1.0. 


User Note: Equations F2-3 and F2-4 provide identical solutions to the following 
expression for lateral-torsional buckling of doubly symmetric sections that has 
been presented in past editions of the AISC LRFD Specification: 


X2 
M. =C,— 21, +|5Е | с, 
Lp š Lp | 
The advantage of Equations F2-3 and Е2-4 is that the form is very similar to the 
expression for lateral-torsional buckling of singly symmetric sections given in 
Equations F4-4 and F4-5. 


2 
User Note: For doubly symmetric I-shapes with rectangular flanges. C,, = Dh) 
and thus Equation F2-7 becomes 4 
25; 


г тау be approximated accurately and conservatively as the radius of gyration 
of the compression flange plus one-sixth of the web: 
b 
m £ 
1 Му 


12} 1+— 
6 byty 


Global Buckling Limits 


1. Inelastic LTB (L. < L, = L.) 
M, - C, м, -(м, oor) <M, 


6M, = C, | M, -Ф в-94,)|<о,м, 
[EE E 3-2 
2. Elastic LTB (L, > L.) 
M,=F,S, < M, 


(Eq F2-3) where Е. per 
Eq F2-4 
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Table 3-2 (continued) 
W-Shapes 
Selection by 2, 


ВЕ 
крй крй юр ips | kis 
пяю AS | ine | _ 


W30x116 
М/21х147 
W24x131 
W18x158 
W14x193 
W12x210 


М/30х108 
W27x114 
W21x132 
W24x117 
W18x143 
W14x176 


* Shape does not meet the /1/fy limit for shear іп AISC Specification Section G2.1(a) with Fy = 50 ksi; 
therefore, фу = 0.90 and Qy = 1.67. 


The Moment Gradient (C,) 


° C, Is a coefficient used to account for 


the effect of "moment gradients" on 
LTB 


* Load pattern and end restraints 
change the moment diagram of the 
beam so that the effective length of 
the "compression" element of a beam 
may change 


С Is needed because all calculations 


UCLaNd:tabkesvarerdased on a case with 


The Moment Gradient (C,) 


Moment diagram 


(No Gradient > С=1) 


Loading 
My 
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The Moment Gradient (C,) 


(3) For singly symmetric members in single curvature and all doubly symmetric 
members: 


Cp, the lareral-torsiona! buckling modification factor for nonuniform moment 
diagrams when both ends of the segment are braced 18 determined as follows: 


a= 12.5 М max (Е1-1) 
2.5 Моа, + АМА + 4 Мв + ЗМс 
where 

Mj; = absolute value of maximum moment in the unbraced segment, kip-in. 
(N-mm) 

Ма = absolute value of moment at quarter point of the unbraced segment, 
kip-in. (N-mm) 

Mg = absolute value of moment at centerline of the unbraced segment, kip- 
in. (N-mm) 

Мс = absolute value of moment at three-quarter point of the unbraced seg- 


ment, kip-in. (N-mm) 


For cantilevers or overhangs where the free end 15 unbraced, Сь = 1.0. 
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The Moment Gradient (C,) 


L, _ L, 
M, - C, м, -(м, -oars |t = ] <М, 


Influence of 
С, 


Е 
= 
о 
: 
B dh peer 
"4 
= 
Е 
Z. 


Figure 6.14 
© John Wiley & Sons, Inc. All rights reserved. 


L, L, 
Unbraced length, Lp 
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Fr” RR == 


Table 3-1 
Values of С; for Simply Supported Beams 


Lateral Bracing 
Along EM om __ 
М None | po 


Load ət mopom 


At load рой 


Мопе = 
Loads at thra porti 


At load points 


Loads $ymmetnrcaty placed 


! 
кекете | The little “х” 
— lateral bracing 


At midpoint 


ЗЕ 


Note: Lateral bracing must always be provided st paints of support рег ASC Specsicatian Chapter F 


Limit States for Нехиге 


* Plastic Flexural Capacity 

* Global Buckling 
* |nelastic lateral torsional buckling 
* Elastic lateral torsional buckling 

* Local Buckling 


* Width-thickness ratios for web and 
flanges 


* Shear Capacity 
__- Deflection |... ДҺДҙДҙДҙ--- 
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Local Instability 


* Buckling of one of the compression 
elements of the x-section. 


* Flange Local 
Buckling 


* Web Local 
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Local Instability 


Whether a member is subject == 
to a local instability is a 

function of the width-thickness 

ratio of the elements that can 

buckle: 


° Flange А Buckling 
Í 


— A 
• Web фе. вискипа 
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Checking the Ratios 


* Limiting width-thickness ratios are function 
of: 
* geometry of the shapes 
* yield stress of the steel 


* Shapes can be classified as: 


* A compact shape is not subject to local 
buckling. 


* A non-compact shape is subject to inelastic 
local buckling after initial yielding. 
* A slender shape is subject to elastic L.B. 


UClcApaaityrtbatkecoredoeeseached by the 


Classification of Sections for 
Local Bucklin 


Limiting 
(A) ша Ratio 
Width-to- 
Description of | Thickness ы s m 
Element i noncompact) slender) Examples 
b b 


Flanges of rolled 
|-зпаред sections, 


channels, and tees 


Webs of doubly- 
symmetric |-зпаред 
sections and 
channels 


Spec Table B4.1b 
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Effect on Flexural Capacity due to 
Local Buckling 


0. fem 


M, = My - (M, - Mj) ўс 


Nominal moment, М, 


(Elastic) 
Slender 


(Inelastic) 
Noncompact 


(Plastic) 
Compact 


b 
Flange slenderness, A = = 


Figure 6.18 
© John Wiley & Sons, Inc. АЙ rights reserved. 
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Maximum Flexural Capacity 
for Noncompact Sections 


* Maximum moment capacity limited, 
regardless of LTB capacity: 
* For WF beam with noncompact flanges: 


M, - M,-(M,-07F,S,| 


pf 
A-A 


рї 


* WF beams with slender flanges, ог 
noncompact/slender webs trigger 
additional checks. (Not covered in this 
Class). 
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Effect of Noncompact Section on 
Moment Capacity 
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Design Checks for Нехиге 


1. Lateral Torsional Buckling 
* Checked for adequate lateral support of the 
compression flange. 


2. Flange Local Buckling 
° Checked with b,/2t, ratio. 

3. Web Local Buckling 
° Checked with h/t, ratio. 

4. Formation of Plastic Moment 
"= 
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Do We Need А! These 
Equations? 


* Refer to AISC 


* Section Properties 
* Table 1-1: width-thickness ratios, S, |, Z 
* Beam Tables 
* Table 3-2: select most economical size based оп 7, 
* Table 3-3: select most economical size based оп |, 
* Table 3-10: select most economical size for 
particular unbraced length 
— Note: compactness of section is considered in 
tables 
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оеагп 


| ана 

| Avaliable Moment vs. Unbraced Length Ta b | е S 

| Based on 

"i3 Strong Axis 

--- Strength & 

1 йш 

| ВЕ Unbraced 

TEM Length 

| pps * Actual unbraced 

i (рші ERI length (L,) of the 
beam is accounted 
for 


* Very commonly 


"EN | Lah Í| — 


Shapes 


W 


Moment vs. Unbraced Length 


5 
Ф 
= 
c 

= 
с 
° 

9. 

e 
ЈЕ 

со 

2 

© 

F 


lable 


Avai 


(вшәшәлош y-diy £) "jy? pue (ѕұшәшәлош у-фя Z) q(y/UW 3ueurojy аденелу 


5-ft increments) 


Unbraced Length (0 


1 


16 


Unbraced Length 


1 


2 4 
Unbraced Length (0.5-ft increments) 


1 


W-Shapes 


Moment vs. 


5 
Ф 
2 
с 

+ 
с 
O 

9. 

о 
ит 

со 

9 

© 

м. 


1 


Па е 


Ама 


(5шәшәләш y-diy £) “W10 pue (ззиашелош у-фя г) q(y/UW 3ueurojy әјдеіелу 


T = 93 ‘3D OSTT = пи J ит =91 :злаий 


Unbraced Length 


W-Shapes 


Available Moment vs. 


Unbraced Length (0.5-ft increments) 


5 
Ф 
2 
с 

+ 
с 
O 

9. 

о 
ит 

со 

9 

© 

м. 


(вшәшәлош y-diy £) “W0 pue (ззиашелош у-фя г) q(y/UW чиешоц ә|депелү 


Ут = qD ‘WI OSTT = NW ^33 Z =q1 :злаий 


2 » A m Table 3-10 (continued) 

Мо, | ом, | W-Shapes 

E ара Available Moment vs. Unbraced Length 
800 


= Double check that "real" ` 
-M, < Plastic Moment | | 
Capacity 


m | ИЕТ 
ш z 
790 | 


780 1170 


Lb= 7 ft, Mu = 1160 kft, Cb = 1.1 
I" Mu = Mu/Cb = 1160/1.1 = 1055 | 


Available Moment, Мо/Оь (2 kip-ft increments) and ó5M; (3 kip-ft increments) 


MPLE 


опа 


t 


Unbraced Length (0.5-ft increments) 


Questions? 
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Example Problem 


° Design the most efficient typical interior WF 
beam. 

* Design the most efficient typical interior WF 
girder. 

* Assumptions: 
— Floor Plans are on the following page 
— Floor Loading: Dead = 100psf, Live = 40 psf (reducible) 
— Self weight of the members is included in the dead load 
— А992 Steel 
— Beam compression flanges are unbraced 
— Girder compression flanges are braced only at beam 


connection locations 
— Deflection Limits: Dead + Live = L/240, Live = L/360 


ОСІ А2950 7394 bren 


Example Problem 


typ int girdef 


Floor Framing Plan 
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Example Problem 


* Typical Interior Beam 


- Calculate Loads 
DL = 100 psf; LL, = 40 psf 
Trib Area = (25'/3) (30') = 250 ft? 


LL = LL, [0.25 + 15 / sqrt(K,, А)! 
= (40psf) [0.25 + 15 / sqrt (2 x 
2 
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Example Problem 


* Calculate Applied Loads 
-w = О + LL = (100psf + 37psf) (25'/3) 


= 1.14klf 
-м = LL = (37psf) (253) 
= 0.31kIf 
-w, =1.2DL+1.6LL 
= [(1.2) (100psf) + (1.6) (37psf)] (25'/3) 
= 1.49 КИ 


* Calculate Internal Forces 
M, = w, L? / 8 = (1.49klf) (30’)2 / 8 = 168kft 
V, = w, L / 2 = (1.49klf) (30’) / 2 = 22.4k 
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Example Problem 


* Table 3-23 (pg 3-211) 


Тов Еду. Uniform Load ..........—........—.—. - 
Па Коши аншылык س‎ ИА ан 


1 
| я = 


* 
ah, 
^ == 


елімді ігі eee eee e: eee 


Ағы [at cander] wı пи ıı пи ETI ETI ем и M пети Sr кетт = 


Да. фф“. __—— ... = Tr - 2/98 +) 


ОСІ Ағ 141 - STRUCTURAL STEEL DESIGN 


Example Problem 


* CALCULATE CAPACITY USING EQUATIONS 


* [ry W12x53 
- Check Flexural Capacity 
Top Flange UnBraced (|, = 30”) 
,M, = C, ІМ, - BF(L,-L,)] = ФМ, 
where C, = 1.14 (Table 3-1) 
= 1.14 [292 - 5.48(30-8.76)] 
— 200.1 k-ft « 292 k-ft 
M, = 200.1 > 168 О.К. 
— Check Shear Capacity | 
\/ = 125К О.К. 


v n 
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Table 3-2 (continued) 
W Shapes 
Selection by Z, 


795 
984 
662 
722 
534 
890 
984 
597 
959 
758 
640 
800 
455 
533 
843 
659 


Table 3-2 (continued) š 
Е, = 50 ksi W Shapes / 
Selection by Z, 


б 44, Mf e, 


Cup E E 


m Hi "eB 


13.1 


ЕНЕЗЕНІН 


ЕЧ 


Example Problem 


* DETERMINE CAPACITY USING CHARTS 
* To read the charts based on C, = 1.0 
— “Fictional” Demand for charts = М, / C, 


— 168/1.14 
< 147 k-ft 


See next slide ПЦве!есі W10x49 
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АНН 


eye 


HN 


M , TN | 
m ЗА 
са 

— | № 


NE 


| \ КЕ 


11% КАН 
T R g 


N AS 

КЕШЕ + UD | 
i AM vu un \ 
Ux Ei i 


Available Moment, M/S (1 kip-ft incremer 


NU EE 


120 


26 


Example Problem 


* Check Serviceability 
-Live Load Deflection а, оп... = dl 
A —-5wL^/384 EI 
= (5)(0.31klf)(30')^(12"/ft)3/(384)( 29 E3ksi1) 
(2721In^) 
= 0.72” < L/360 = (30')(12"/ft)/360 = 1" 
therefore OK 
- Dead Load + Live Load Deflection 
А = 5wL4/384E| 


== (S)(1.14klf)(30')4(12"/ft)?>/(384)(29E3ksi) 


UCLAcee 141- бтрофтивац ЗЪРАКРЕЯКМ гу, (1 2" /ft)/240 = 1.5” 


Table 3-3 (continued) 
W Shapes I 
Selection by /, X 


W21x83 
W18x97 
W14x145 
W12x170 
W21x73 


W24x62 W10x112 
W18x86 W18x46 
W14x132 W12x79 
| №14х233 W16x100 М/16х50 
W24x103 W21x68 W14x61 
W12x152 М/10х100 
W14x120 
W18x40 
М/24х55 W12x72 
W21x62 W16x45 
W18x76 W14x53 
W16x89 W10x88 
М/14х109 М/12х65 
W12x136 
W21x57 
W18x71 


М/21х55 
W16x77 
W14x99 
W18x65 
W12x120 
W14x90 


W21x50 
W18x60 


W21x48 
W16x67 
W12x106 
W18x55 
W14x82 


888 


Thickness greater than 2 in. Special requirements may apply per AISC Specification Section A3.1c. 


Example Problem 


* Check Serviceability 
= Determine lega 
и Oa пе ае 


Options: 
W18x35 (| 2 510; 2 = 66.5) select lightest 
W16x40 (1 = 518; Z = 72.9) 


Use W18x35 typical interior beam 
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Example Problem 


* Typical Interior Girder 


- Calculate Loads 
DL = 100 psf; LL, = 40 psf 
Trib Area = (2/3) (25') (30) = 500 ft? 


LL = LL, [0.25 + 15 / sqrt(K,, А)! 
= (40psf) [0.25 + 15 / sqrt (2 x 
2 
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Example Problem 


* Calculate Applied Loads 
— Py = (100psf) (25'/3) (30) = 25.0k 
- P, = (29psf) (25'/3) (30) = 7.3k 
-Р — P, +P, = 25.0k + 7.3k = 32.3k 
-P, =1.2Р, + 1.6P, 
= (1.2)(25.0k) + (1.6)(7.3k) = 41.7k 
* Calculate Internal Forces 


M, = P, L/ 3 = (41.7k) (25/3) / = 
347k-ft 
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Example Problem 


* Table 3-23 (pg 3-213) 


|£ SIMPLE BEAM — TWO EQUAL CONCENTRATED LOADS SYMMETRICALLY PLACED 


Total Equiv, Urilórm Load на = = 


Мән Delwenn | анна = Ра. 


М, (when x« gp... каны ene = Phe 


man crm om ee ПОТИ ти ки“ ___ 2 dam ba Rd iue йй ска 


hie L)... ee crim „ = PE. 
же ан“ 28 EF 
A, [When x< g)... lJ l. mm mm = شیو ورو‎ - и) 


dy {меп a< wed га)... u a а (Илова -a) 


Example Problem 


* CALCULATE CAPACITY USING EQUATIONS 


* Ту W24x62 | 
een Flexural Ca -— tama pay 

Top Flange UnBraced (L, = 8.33’) 
pM, = C, lq, M, - BF(L.-L.)] = qM, 
where C, = 1.00 (Table 3-1) 

= 1.00 [574 - 24.1(8.33-4.87)] 

= 490 k-ft < 574 k-ft 

M, = 347 < 490 О.К. 

- Check Shear Capacity 


q,V, = 306 from tables > М = 41.7k 
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Table 3-2 (continued) 
W Shapes 
Selection by Z, 


раа таа 
Са ра | int | 


! Shape exceeds compact limit for flexure with F = 50 ksi 
" Shape does not meet the ht, limit for shear in Specification Section G2.1a with F, = 50 ksi, 
О, = 157,6, = 0.90. 


Table 3-2 (continued) 
W Shapes 
Selection by 2, 


ГМ, 


Example Problem 


* DETERMINE CAPACITY USING CHARTS 
* To read the charts based оп C, = 1.0 
– “Fictional” Demand for charts =M,/C, 
— 347/1.00 
= 347 k-ft 


See next slide []|]select W21x48 
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Example Problem 


* Check Serviceability (W21x4 Dr i 

— Live Load Deflection ma- š 
A. + (Ра/ 24 E |) (312 - Да tm osne.. = gE a) 

= и [3(25')2- 


4(25'/3)2] 
= 0.26” < L/360 = (25')(12"/ft)/360 = 0.83" so 
OK 
— Dead Load + Live Load Deflection 
Wes | 4 - ratio the deflections 
Wi2x106 | 83 = (32.2k/7.3k) (0.26") 


W14x82 в! = 1.14" < L/240 = (25')(12"/ft)/240 = 1.25" so 


ОСІА: убеди 1564 В typical interior girder 


